Ensuring the integrity of elections is one of the most important elements in maintaining democracy. While it is commonly believed that threats to election integrity are primarily due to security issues, the reality is that voting systems that are not designed to support human perceptual and cognitive limitations also pose a serious and immediate threat. This mismatch between system design and human capabilities can cause tremendous difficulty for voters who are trying to cast a ballot, and has almost certainly altered the outcome of elections in the United States. This article describes the psychological issues that can impact the ability of a voter to cast a vote as intended.
Voting is fundamental to democracy. Election integrity is one of the primary concerns of a democracy; elections must reflect the will of the voters. That is, every vote should be cast and counted as each individual voter intended. When thinking about election integrity, it is common to believe that the primary concern is the security of the voting process (Hall & Wang, 2008) . Are ballot boxes safe from being stuffed with illegal ballots? Are computerized voting systems resistant to tampering? Will the vote-counting machines accurately count the ballots as they are marked? While these are all legitimate concerns, election integrity is broader than simple security.
In fact, some of the biggest threats to election integrity come not from unseen forces with nefarious intent but rather from voting-system designs that fail to account for the perceptual and cognitive limitations of the voters themselves, a task made more difficult because voters may be elderly or suffer from cognitive or physical disabilities. Technology that does not adequately support the human in the voting booth is a grossly underappreciated weak link in maintaining election integrity, and ensuring that voters can cast the ballot that they intend to cast is an enormous challenge (Byrne, Greene, & Everett, 2007; Herrnson et al., 2008) . It is especially challenging in the United States because each state controls its own elections.
Voting Failures Due to Mismatches Between Human Capabilities and System Design
This failure of system design in the election process is aptly demonstrated by the infamous Florida butterfly ballot in the Bush-versus-Gore U.S. presidential election of 2000, shown in Figure 1 . The arrangement of names on the ballot caused many voters to believe that they were voting for Al Gore, whose name was on the left side of the ballot, when in fact they were casting their ballots for a candidate listed on the right side of the ballot, Pat Buchanan (Sinclair, Mark, Moore, Lavis, & Soldat, 2000) . Voters who did so were using a reasonable strategy: Holes and arrows do not always line up perfectly on butterfly ballots, so many voters simply count from the top. The strategy failed in this case, but would never have failed with any previous ballot in the jurisdiction in question. It is almost certainly the case that the number of votes that were miscast as a result of this voter confusion was greater than the margin of Bush's victory, and that they cost Al Gore the presidency (Wand et al., 2001 ).
It is not just unusual voting interfaces, like the butterfly ballot described above, that can cause voters to make systematic mistakes that impact the outcome of an election (Kimball & Kropf, 2005) . This was clearly demonstrated by the 2008 Minnesota U.S. Senate election (Foley, 2011) . With over 2.8 million votes cast, fewer than 300 votes separated candidates Al Franken and Norm Coleman, triggering an automatic recount. In this recount, Minnesota law required that officials try to determine the intent of the voter if the ballot was ambiguous (State of Minnesota, Office of the Revisor of Statutes, 2008) . Even though marking paper ballots is generally considered routine, several thousand ballots were marked by voters in ways that made their intent difficult-if not impossible-to ascertain, as illustrated in Figure 2 . The recount of such ambiguous ballots changed the initial Coleman win to a Franken win.
The difficulty that voters have in marking ballots can be especially troubling in computerized voting interfaces (Bederson, Lee, Sherman, Herrnson, & Niemi, 2003) . For example, some states allow straight-party voting, in which a single button allows a voter to select all of the candidates who are affiliated with a certain party. However, voters often fail to understand how these global selection rules are applied when that party is not represented in a specific race or when a voter wishes to make an exception to the application of the rule in one or more races (Campbell & Byrne, 2009 ). These confusions can easily lead to selection errors.
Furthermore, something as simple as the layout of the ballot (Norden, Kimball, Quesenbery, & Chen, 2008) or the fonts and shading used (Kimball & Kropf, 2005) can adversely impact voters' ability to correctly mark their ballots. For example, consider the case of the 2006 Sarasota, Florida, ballot shown in Figure 3 . Every other race on the ballot was presented on its own virtual page, but on this page, two races were presented. This design caused a large number of voters to fail to cast a vote (a phenomenon called undervoting) in the congressional race presented at the top of the page. In fact, the rate of undervoting for this race was six times as high in Sarasota relative to other jurisdictions that had different ballot designs (Frisina, Herron, Honaker, & Lewis, 2008) . It is highly probable that the outcome of the race would have been reversed if the 18,000 voters who undervoted in this race had actually indicated their preference, as the margin of victory was smaller than 400 votes (Ash & Lamperti, 2008) .
Sometimes the complexity of the ballot can make it difficult for voters to make a choice at all or to find the candidate for whom they intend to vote. An excellent example of this can be found in the 2003 California gubernatorial recall election. As can be seen in Figure 4 , this race had 135 candidates, making it extremely difficult for voters to find a candidate. The long list of candidates also exacerbated a number of known selection biases, such as list order and name recognition, that could adversely impact election results (Miller & Krosnick, 1998) .
It is tempting to discount these kinds of errors in selection by saying that the voter can always catch them through a final review of the ballot before it is cast. In reality, this is a classic signal-detection task (Green & Swets, 1966) , and limitations associated with memory (voters may be unable to remember who they intended to vote for when they get to the review screen), attention (voters may feel fatigued or rushed by the voting process and therefore be less vigilant), and perception (missing or wrong votes may simply not be salient enough for voters to catch) all greatly interfere with voters' ability to validate their votes. Indeed, studies have shown that the majority of voters fail to detect deviations from their voting intent during their final review, even when up to a third of their votes have been intentionally altered (Everett, 2007) .
Often the difficulty that voters have with casting a vote is not related to technology at all but has to do with the language that is used on the ballot. Reading and comprehension are complex cognitive activities, and almost a quarter of adults in the United States read below the fifth-grade level; 14% are functionally illiterate (Kutner, Greenburg, Jin, & Paulsen, 2006) . Since the early 1970s, the use of literacy tests to exclude voters has been deemed unconstitutional (Oregon v. Mitchell, 1970) , so clarity and ease of reading in ballot language is imperative. The construction of referendum questions on ballots is one area where complex language can lead voters to make mistakes because they cannot adequately understand the question being posed.
An excellent example can be found in a referendum question posed to Houston, Texas, voters in the fall of 2015. The city council had recently passed an equalrights ordinance, and the voters were being asked whether they wanted this ordinance to stand. The mayor and the city council constructed the original language, shown in Figure 5 . The language was ambiguous because it was unclear whether a "yes" vote meant the voter wished to repeal the amendment or vote in support of the equal-rights ordinance. Eventually, the Supreme Court of the State of Texas ruled that the original language was indeed unclear and demanded that the city rewrite the referendum question so that voters who were for the equal-rights amendment could vote "yes" and voters who were against the amendment could vote "no."
Ironically, sometimes the instructional language on the ballot that is supposed to clarify the actions a voter should take is actually the cause of the cognitive difficulties from which the voters suffer. An analysis of over 100 ballots from all 50 states showed that nearly all of them failed to conform to best practices for instruction writing (Laskowski & Redish, 2006) . These deficiencies included the use of words that voters might not be familiar with, failures to consider the kinds of mistakes voters might make, inconsistent instructions (Howell & Kreidler, 1963) , and instructions that did not cover important situations that voters would encounter when completing their ballot. A case in point is the paper ballot used in Florida in the 2000 U.S. presidential election. As can be seen in Figure 6 , the instructions for the presidential race noted that voters should "Vote for Group," whereas the instructions for the other races on the ballot noted that voters should "Vote for One." These conflicting instructions Fig. 4 . Sometimes the sheer number of candidates whose names must be presented in a race can make it difficult to vote, as shown here from the 2003 California gubernatorial race. caused significant confusion, and over 100,000 voters cast votes for more than one presidential candidate (a phenomenon called overvoting), which invalidated the voters' selection on that race. Following these difficulties, the ballot language was initially changed to say "Vote for One Pair." This language was never used, however, as lawsuits forced election administrators to change all of the ballot language to say "Vote for One."
Even if voters have successfully and correctly marked their ballots, they can still fail to cast their vote correctly. In this scenario, voters mark their ballots, carefully review their choices, and then fail to press the "Cast" button before walking away from the voting booth, or walk away with their completed ballot. This postcompletion error occurs because voters believe they have completed their task when in fact they have completed only a portion of it (Byrne & Bovair, 1997) .
Possible Reasons for These Voting Difficulties
Voting is not a new activity. How could deficits of this magnitude exist, given the thousands of elections that have occurred in the United States since the founding of the country? Unfortunately, there is no single cause. One partial explanation is that people simply do not vote very often. In the consumer marketplace, technologies have the advantage of repeated use, and learnability and memorability are two characteristics of consumer systems that are highly valued. One might not understand how to use a new smartphone at first, but after repeated exposure to the device and its procedures, its operation can become almost second nature. Unfortunately, this is not the case with voting systems. Voting systems suffer from the fact that voters interact with systems infrequently (perhaps once every 2 or 4 years), and the systems often change over time ( Jones, 2003) and from polling location to polling location, making it difficult for any of the benefits of learning or training to accrue (Traugott et al., 2005) .
Another key factor in the pervasiveness of this problem is that there is not one person or agency in charge of all elections in the United States. The U.S. Constitution grants the power to administer elections to the states rather than the federal government, and most states effectively delegate that authority to the individual counties within the state. This means that thousands of county clerks across the nation are making independent decisions about how to best construct ballot systems and ballot language . Although the federal government has taken steps to provide guidance through the Election Assistance Commission and the issuance of the Voluntary Voting System Guidelines (U.S. Election Assistance Commission, 2015), the information Shall the City of Houston repeal the Houston Equal Rights Ordinance, Ord. No. 2014-530, which prohibits discrimination in city employment and city services, city contracts, public accommodations, private employment, and housing based on an individual's sex, race, color, ethnicity, national origin, age, familial status, marital status, military status, religion, disability, sexual orientation, genetic information, gender identity, or pregnancy?
The referendum language that was actually on the ballot after intervention by the Supreme Court of Texas
Are you in favor of the Houston Equal Rights Ordinance, Ord.
No. 2014-530, which prohibits discrimination in city employment and city services, city contracts, public accommodations, private employment, and housing based on an individual's sex, race, color, ethnicity, national origin, age, familial status, marital status, military status, religion, disability, sexual orientation, genetic information, gender identity, or pregnancy?
The referendum language as originally proposed by the City of Houston provided is advisory only, and the states are free to conduct their elections as they see fit. The result is a patchwork of different laws that regulate elections and different voting systems, each of which has its own psychological characteristics and potential design weaknesses.
What Can Be Done?
Given what is known about the threat that these psychological issues pose to our elections, what can be done?
Work to design usable systems
Psychologists need to continue to do applied research on designing voting interfaces and systems that will allow voters to use them easily in a walk-up-and-use fashion. Since systems purchased in the wake of the issues surrounding the 2000 election in Florida are now coming to the end of their service life, now is an opportune time for researchers to apply their knowledge of cognitive science in the design of new, usable voting systems. This has already started in California (County of Los Angles, n.d.) and Texas (Bell et al., 2013) , where election officials are collaborating with human-factors experts on the design of new systems.
Expand support to local election officials
Researchers studying how to create better election systems have created training materials and guides that can be exceptionally helpful to election officials (e.g. Chisnell, 2015) . Unfortunately, this research often does not find its way into the hands of the practitioners who need it the most. Researchers and voting-rights groups should work to disseminate this kind of information to those officials on the front lines of voting and stand ready to assist through consultation and training or in more concrete ways, such as by becoming poll workers or election judges.
Create automated tools to help identify ballot problems
In the longer term, additional research needs to be conducted to develop robust methods of system and ballot checking (Laskowski, Autry, Cugini, Killam, & Yen, 2004) . Because tens of thousands of different ballots are deployed in each election cycle and most election officials lack the requisite background in psychology to verify the usability and psychological soundness of those ballots, research needs to be conducted on developing and fielding automated ballot-checking systems that use cognitive models to identify potential problems (e.g., Greene, 2011) . If these systems were Web-based, so that an election official would only need to upload a ballot image, individual election officials could check the goodness of their election materials before an election.
Conclusions
In summary, it is clear that psychological science plays an important, and often underappreciated, role in our elections. As politicians are wont to say, elections have consequences. The inability of voters to cast their votes as intended because voting systems have not been designed to account for the ways in which human cognitive and perceptual systems work suggests that those consequences are a real threat to election integrity.
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